Department o f Chemistry, V e t e r i n a r y U n i v e r s i t y , D-3000 Hannover, FRG A b s t r a c t -L i v e s t o c k poisoning i s a serious problem i n many c o u n t r i e s o f the world whereever c a t t l e i s r a i s e d on grassland. A f i g u r e o f 500.000 animals per y e a r i n South America o n l y i s estimated as l o s s . Beyond these cases o f acute poisoning, t h e cases o f chronic poisoning seem t o be even more important, as from t h e food chain such substances o r metabolites t h e r e o f may become harmful t o man. Under these aspects we have i n v e s t i g at e d a number o f poisonous p l a n t s d u r i n g t h e past years. T h i l o a glaucocarpa contains f o u r tannins , vescal aoin, c a s t a l a c j n ,stachyuri n , and c a s u a r i n i n as t o x i c p r i n c i p l e s . I n v e s t i g a t i o n o f f i v e Senecio species from B r a z i l showed t h e p y r r o l i z i d i n e a1 k a l o i d s i n t e g e r r m e n e c i o n i n , neosenkirkin r e t r o r s i n , and f l o r o s e n i n t o be responsible f o r t h e symptoms o f poisoning. r r u c a r i a which could be i s o l a t e d from t h e r o o t s o f t h e p l a n t . This i s t h e firs: case o f a symbiosis o f a s o i l fungus and a h i g h e r p l a n t .
INTRODUCTION
T o x i c p l a n t s have been known f o r centuries. They have been e x t e n s i v e l y used by a l l p r i m i t i v e c u l t u r e s fcr medicinal purposes as w e l l as arrow poisons. Thus, m n y t o x i c p l a n t s are w e l l known . Despite t h i s , u n i n t e n t i o n a l poisoning s t i l l o c c u r s i n both, humans and animals as a r e s u l t o f the accidental i n g e s t i o n o f poisonous p l a n t s and t h e misuse o f p l a n t s o f medicinal value, The i s o l a t i o n o f t h e t o x i c f a c t o r s f r o m poisonous p l a n t s became a serious occupation around t h e t u r n o f t h e century, and i n t e r e s t i n t h i s f i e l d has continued t o grow. It has become c l e a r t h a t poisoning by p l a n t s i s n o t always as s t r a i g h f o r w a r d as i s commonly supposed and r e c e n t i n v e s t i g a t i o n s i n t o a number o f p l a n t s responsible f o r t h e l a r g e -s c a l e poisoning o f l i v e s t o c k have produced a number o f unexpected r e s u l t s . C a t t l e poisoning must be considered from two standpoints. F i r s t l y , t h e acute envenomations have t o be mentioned as they may be o f considerable economic relevance due t o t h e l o s s o f animals. The second aspect, however, the chronic envenomations a r e even more important, as i t i s w e l l known t h a t p l a n t t o x i n s a r e e i t h e r accumulated i n t h e animal o r i n c e r t a i n organs o r they are metabolized and excreted w i t h t h e m i l k . By t h i s food chain , t o x i n s o r metabolit e s t h e r e o f nay become harmful t o humans.
THILOA GLAUCOCA RPA
I n t h e beginning o f every r a i n y season i n B r a z i l , numerous c a t t l e a r e l o s t by a disease known as "popa-inchada", o r "venta seca", o r "mal-da-rama". A l l these cases a r e one and t h e same disease, caused by i n g e s t i o n o f leaves o f T h i l o a plaucocarpa ( r e f . 1). Usual work-up and s t r u c t u r e e l u c i d a t i o n o f t h e pure t o x i n s showed t h a t tannins were responsible f o r t h i s disease. A t t h i s p o i n t we observed t h a t the same symptoms were caused by another disease common i n Germany, the s o -c a l l e d "Oak disease" i n c a t t l e ( r e f . 2 ) . I n both cases t h e same substances are responsible f o r t h e symptoms, and we were a b l e t o i d e n t i f y f o u r compounds: vescalagin, c a s t a l a g i n , stachyurin, and c a s u a r i n i n ( r e f . 3 ) .
SENECIO spp.
A worldwide problem i s poisoninq by p l a n t s o f t h e genus Senecio. Seneciosis i s described under names l i k e "Winton disease" ,"Pictou disease", " N o~i s e a s e " , and "Schweinsberqer disease". They a l l a r e caused by one o r more Senecio species which c o n t a i n p y r r o l i z i d i n e a l k a l o i d s responsible f o r disease and death (ref.. Acute poisoning i s observed already a f t e r i n g e s t i o n o f a s i n g l e p o r t i o n o f p l a n t m a t e r i a l exceeding 20 g/kg body weinht, w h i l e c h r o n i c poisoning may be observed a f t e r i n g e s t i o n o f smaller arnounts over a longer p e r i o d o f time. Depending on t h e uptake o f p l a n t m a t e r i a l , chronic poisoning may occur w i t h o u t showing any symptoms f o r q u i t e a w h i l e . As t h e a l k a l o i d s are excreted w i t h the r r i l k, humans may a l s o be i n v o l v e d i n "chronic seneciosis". The followin! species were investiSated: S. b r a s i l i e n s i s , S. h e t e r o t r i c h u s , S. leptolobus, S. s e l l o i , S. c i s l a t i n u s , From t h e methanol e x t r a c t the a l k a l o i d s could be i s o l a t e d by a 2D-NMR spectroscopy. The a1 k a l o i d s responsible f o r the disease are: neosenkirkine, r e t r o rsine, f 1 orosenine, i ntegerrimine , and senecionine.
sequela o f + c romatographic separations. The s t r u c t u r e s were determined by 1H-, 13C-, and
BACCHARIS CORlDlFOLlA
One o f t h e most important p l a n t s responsible f o r t h e poisoning o f c a t t l e i n South America i s Baccharis savannah veSetation o f Southern B r a z i l , U r u y a y , Paraguay, and Areentine. A1 thouoh t h e p l a n t has been known t o be t o x i c s i n c e t h e beginning o f t h i s century, no experimental work was f o r m a l l y published before 1975 ( r e f . 5 ) . A l l p a r t s o f t h e p l a n t a r e t o x i c , b u t the flowers, leaves and seeds a r e p a r t i c u l a r l y dangerous. Death occurs between 4 h and 34 h f o l l o w i n g t h e i n c e s t i o n o f a l e t h a l amount o f the p l a n t (0.35 g/kC body weight). More than 50.000 animals d i e i n B r a z i l per year from t h i s p l a n t . 
c o r i d i f o l i a . This herbaceous shrub i s a c h a r a c t e r i s t i c r e p r e s e n t a t i v e o f t h e

RORLDIN E (A)
HIOTOXIN
E x t r a c t i o n o f t h e p l a n t w i t h chloroform, f o l l o w e d by chromatopraphic separation, y i e l d e d
e i g h t macrocycl i c trichothecenes , as we1 1 as d i -0 -a c e t y l -verrucarol and a metabol i t e thereof. A l l these compounds were i s o l a t e d i n pure form, and t h e s t r u c t u r e s e l u c i d a t e d by means of mass spectrometry and two-dimensional n.m.r. spectroscopy. Two o f the macrocyclic t r i c h othecenes, r o r i d i n E and r o r i d i n A , were w e l l known as metabolites o f Fungi i m p e r f e c t i . F i v e of t h e compounds were novel (although c l o s e l y r e l a t e d t o the r o r i d i n s ) and they were named miotoxins A, B, C, 0, and iso-0, a f t e r t h e n a t i v e name o f t h e p l a n t , nio-mio. Two more of t h e trichothecenes, miophytocenes A and B y were non-toxic.
The t o x i c compounds possess an i n t a c t oxirane system , w h i l e i n t h e non-toxic miophytocenes t h i s oxirane r i n c has been opened. Since i t i s w e l l known t h a t oxiranes are h i g h l y r e a c t i v e chemical groups, i t seems l i k e l y t h a t an i n t a c t oxirane r i n c i s e s s e n t i a l and d i r e c t l y responsible f o r the t o x i c i t y o f the trichothecenes.
The f a c t t h a t t h e r o r i d i n s P, and E as w e l l as a c e t y l -v e r r u c a r o l have been known f o r a long time as metabolites o f Fungi i m p e r f e c t i , and t h a t such compounds are w e l l known t o be phyto toxins, l e d t o the assumption t h a t the compounds i s o l a t e d from the p l a n t are n o t o r i c i n a l products o f Baccharis c o r i d i f o l i a . I n f e s t a t i o n o f the p l a n t m a t e r i a l , however, could be excluded. F u r t h e r studies l e d t o the f i n d i n g t h a t the r o r i d i n s i s o l a t e d are i n f a c t produced by a s o i l fungus, Ryrotheciun verrucaria, which could be i s o l a t e d from the surface of the r o o t s o f t h e p l a n t s . Obviously the trichothecenes produced by Vyrothecium v e r r u c a r i a a r e taken up from the r o o t s and then metabolized w i t h i n the p l a n t , i n p a r t t o t h e non-toxic miophytocenes ( r e f . C ) . A s i m i l a r observation was made by IKupchan e t a l . ( r e f . 7 ) who i s o l a t e d trichothecenes from Baccharis mega o t a n i ca. Another p l a n t of the same Senus, B!ccharis d r a c u n c u l i f o l i a has been considered t o x i c i n some cases, b u t n o t i n others. Ile h a v e v u t f i n d i n ? any evidence of t o x i c ity, and no trichothecenes could be i s o l a t e d . Reports o f the t o x i c i t y t h e r e f o r e may be due t o improper c l a s s i f i c a t i o n of the p l a n t and confusing i t f o r B . c o r i d i f o l i a .
Two questions s t i l l remain open. \!hat i s the reason f o r t h i s k i n d ofsymbiosis between a
